Measurement of interrupter airway resistance (Rint) is a convenient alternative to standard spirometry for assessing respiratory function in uncooperative young children. The aim of the present prospective study was to establish the normative data and predictive equation of Rint in Japanese preschool children.
Introduction
Respiratory function tests are essential for evaluating lung function in children with confirmed or suspected respiratory tract diseases 1 . The most commonly used method is standard spirometry, which provides information based on the forced expiratory flow-volume curve.
Six conditions are needed to receive acceptable results from spirometry: instantaneous start of exhalation, rapid rise in flow to peak flow, sharp peak early in exhalation, smooth continuous fall in flow without interruptions, gradual fall in low flow area, and reproducible shape standard 2 . Therefore, standard spirometry cannot be performed in young children because little cooperation can be expected for this age 3 .
For those children, an alternative technique is airway resistance measurement. Airway resistance enhances the degree of obstruction in the respiratory tract during spontaneous tidal breathing without cooperative effort.
One method to measure airway resistance is the interrupter technique 4 .
The purpose of the present prospective study was to establish the normative data and predictive equation of interrupter airway resistance (Rint) in Japanese preschool children.
Subjects and Methods

Subjects
The subjects were recruited from a single suburban kindergarten in Tokyo in October and November 2005.
Children were excluded if they had had symptoms of respiratory tract diseases for at least 1 previous month.
Also excluded were children with a history of significant respiratory tract disease (severe pneumonia or respiratory failure), chronic respiratory disease (bronchial The research protocol was reviewed and approved by the institutional ethics committee. Written informed consent was obtained from the parents of the participating children.
Measurement Protocol
The Rint during expiration was measured with MicroRint device for pulmonary function testing (Micro Medical Ltd., Gillingham, UK). Mouth pressure (Pmo) was evaluated after a brief interruption in airflow (V'), and Rint was calculated as Pmo! V' 5, 6 . For standardized measurement, the subjects were seated upright by themselves or on an assistant's lap in a familiar and quiet room. They were instructed to breathe quietly through the mouth into a rubber facemask or mouthpiece while the neck was slightly extended and the cheeks and chin were sup- 
Statistical Analysis
Student's t-test was used to compare boys and girls. 
Results
General Findings
Of the 214 children examined, 129 met at least one exclusion criterion or did not have their parents' consent.
Therefore, Rint values were measured in 85 children; however, in 5 children with a facemask 5 sequential and technically satisfactory measurements failed to be completed.
Thus, measurements were completed and data were ana- Table 1 ). The 5 children in whom the measurements failed to be completed ranged from 1.6 to 4.9 years, and 3 of the 5 children were boys. The major factor for incomplete measurement was unable to accept facemask.
The reproducibility of 5 sequential measurements in 80 children was calculated as 17.1%, which was the mean value of CVw (range=4.8% to 52.8%). The CVw showed significant but weak correlation with age (p<0.05, r= −0.3).
Correlation between Rint and Independent Variables
The Rint tended to decrease with increasing age (Fig. 1) and body height (Fig. 2) . Significant linear relationships were noted between Rint and age (r=−0.599), body height (r=−0.653), and body weight (r=−0.608, P<0.01).
Predictive Equation of Rint
Because body weight (r=0.931) and age (r=0.920) were highly correlated with body height, only body height was used as the explanatory variable in logistic regres- 
Discussion
The interrupter technique was developed as an alternative respiratory function test for patients in whom standard spirometry is difficult, such as awake young children. The Rint measurement requires no effort, is minimally invasive, and requires minimal co-operation.
Therefore, measuring Rint it is a potential method for assessing airway obstruction in preschool children.
Direct measurement of airway resistance (Raw) is traditionally performed with whole-body plethysmography.
The Raw is calculated from the ratio of change in alveolar pressure (Palv) and oral airflow. In contrast, the inter- The present study is, to our knowledge, the first to measure expiratory Rint in healthy Japanese preschool children. Since 2005, the physiques of Japanese children have not altered; thus, our data are applicable to the present day, and the measurement devices now used are similar to those used in 2005. In the present study, Rint measurements were able to be completed in most children, as reported previously 8 . As in another previous study, no significant sex differences were detected with the measured Rint values 9 .
The Rint of preschool children has been reported in several Japanese studies 10, 11 . Kazuma 10 was poorer than that of the present study (R 2 =0.653) 12 .
The Rint showed inverse relationships with body height, age, and body weight, in the present study. Therefore, the predictive equation also showed an inverse relationship, similar to previous reports 8, 13 . The relationship can be explained by increasing airway dimensions and is consistent with the reported reference equations of airway resistance measured by plethysmography 14 .
Respiratory resistance usually increases in the presence of lower respiratory infection or asthmatic symptoms.
Thus, to validate our predictive equation, the number of outliers was evaluated. The ratio between the measured and predicted Rint was plotted according to body height (Fig. 3) . The standard deviation of the ratio was 0.20 (20.0%), and +2 SD was 140%, which was designated as the cut-off value for outliers. Based on this cut-off, 1 of 80 subjects was an outlier. If the measured Rint value exceeded 140% of the predicted Rint according to body height, then the respiratory resistance was considered to have significantly increased (Fig. 2) . On the other hand, 2 of the 80 subjects had less than 60% of the predicted Rint.
These perhaps indicated poor measurement of pressure change in the mouth at the shutter closing (brief interruption in airflow) because of inadequate cheek support (Fig. 3) .
A study by Nakade et al. 15 
Study Limitations
The examined children of the present study were recruited from a single kindergarten and sample size was small. To validate our predictive equation for universal use, the favorable number of subjects would be estimated approximately 260 20 , and additional investigations in preschool children of other Japanese cities are needed. In addition, passive smoking exposure was not evaluated during the study period. Passive smoking can decrease pulmonary function; therefore, to eliminate this factor, more detailed subject recruitment is recommended in future studies.
Conclusions
Healthy Japanese preschool children show no significant difference in Rint between sexes. Body height is the best predictor of Rint. Notably, Rint may not differ significantly among children of different races. The study confirms the feasibility of Rint measurement in young Japanese children, especially those with lower respiratory tract infection or asthma. Futhermore, Rint would also enable comparisons with exhaled nitric oxide concentration and lung sound analysis.
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